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ABSTRACT 

T h i s  document presents design limit loads fo r  use i n  the structural 
cer t i f ica t ion  of the Lunar Module (LM-10) fo r  lunar landing.  I t  is 
prepared f o r  the National Aeronautics and Space Administration by The 
Boeing Company i n  par t ia l  fulf i l lment  o f  the requirements o f  Contract 
NAS 9-10364, Statement of Work Paragraph 12.3. 

Dynamic responses, external dynamic loads on major mass items, and 
internal dynamic loads i n  cri t ical  structural  members were calculated 
for randomly selected i n i t i a l  landing conditions. The dynamic loads 
were analyzed s t a t i s t i c a l l y  t o  yield probabili t ies o f  exceedance for 
given confidence 1 eve1 s . 

KEY WORDS 

Lunar Landing 
Lunar Module 

Monte Carlo Method 
Probabi 1 i ty  o f  Exceedance 
S ta t i s t i ca l  Loads Analysis 
Three-dimensional Dynamic Response 

LM-10 

i i i  

d 



D2- 1 18322- 1 

TABLE OF CONTENTS 

PARAG RAP H 

1 .o 

2.0 

3.0 
3.1 
3.1 . l  
3.1.2 
3.1.3 
3.1.4 

3.1.5 
3.2 
3.3 

4.0 

REV IS IONS 
ABSTRACT AND KEY WORDS 
TABLE OF CONTENTS 
ILLUSTRATIONS 
TABLES 
REFERENCES 

SECTION 1 

INTRODUCTION 

SECTION 2 

TECHNICAL APPROACH 

SECTION 3 

DESCRIPTIONS OF MATHEMATICAL MODEL 

Vehicle Geometry 
Mass and Inertia Data 
Elastic Vibrational Modes 
Force Transmission Properties o f  the Landing 
Gear and DPS Nozzle 
DPS Engine Thrust Characteristics 
INITIAL CONDITIONS 
PHYSICAL DESCRIPTION OF LUNAR SURFACE 

PHYSICAL DESCRIPTION OF LM-10 

SECTION 4 

STATISTICAL ANALYSIS OF RESULTS 

PAGE 

i i  
i i i  
iv 

vi i 
V 

x 

1-1 

2-1 

3-1 
3-1 
3-1 
3-1 
3-1 

3-2 
3-2 
3-2 
3-3 

4-1 

d 



02- 1 1  8322- 1 

FIGURE NO. 

ILLUSTRATIONS 

TITLE 

3.1 LM-IO COMPOSITE VIEW 
3.2 

3.3 

3.4 LM-10 DESCENT STAGE MASS POINT LOCATIONS - 
3.5 LM-10 DESCENT STAGE MASS POINT LOCATIONS .. 

LM-10 ASCENT STAGE MASS POINT LOCATIONS - 
LM-10 ASCENT STAGE MASS POINT LOCATIONS - RIGHT SIDE 

LEFT SIDE 

UPPER DECK 

LOWER DECK 
3.6  LHV MASS POINT LOCATIONS _ _ _  
3.7 LM-10 GEOMETRY 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

4.10 

4.11 

4.12 

4.13 

4.14 

4.15 

LM-10 A/S INTERNAL LOAD LOCATIONS -227 

LM-10 A/S INTERNAL LOAD LOCATIONS AFT 

LM-10 A/S INTERNAL LOAD LOCATIONS +Z27 

LM-10 A/S INTERNAL LOAD LOCATIONS +Y22 

LM-10 A/S INTERNAL LOAD LOCATIONS FRONT 

LM-10 A/S INTERNAL LOAD LOCATIONS FRONT 

LM-10 A/S INTERNAL LOAD LOCATIONS FRONT 

LM-10 A/S INTERNAL LOAD LOCATIONS FRONT 

LM-10 A/S INTERNAL LOAD LOCATIONS FRONT 

LM-10 A/S INTERNAL LOAD LOCATIONS FORWARD 

LM-10 A/S INTERNAL LOAD LOCATIONS MID 

AFT BULKHEAD 

EQUIPMENT BAY 

FORWARD BULKHEAD 

CANTED BEAMS 

FACE BEAM 

FACE LOWER BULKHEAD 

FACE CENTER PANEL 

FACE BROW 

FACE CHEEK PANEL 

INTERSTAGE FITTING 

SECTION' -xu7 CANTED DECK 
LM-10 A/S INTERNAL LOAD LOCATIONS MID 
SECTION -X253.5 DECK 
LM-10 A/S INTERNAL LOAD LOCATIONS CABIN 
-X228 LONGERON - RIGHT (+Y) HAND SIDE 
LM-10 A/S INTERNAL LOAD LOCATIONS CABIN 
AND MID SECTION - LEFT HAND SIDE 
LM-10 A/S INTERNAL LOAD LOCATIONS CABIN 
AND MID SECTION - RIGHT HAND SIDE 

PAGE 

3-5 

3-6 

3-7 

3-8 

3-9 
3-10 
3-1 1 

4-3 

4-4 

4-5 

4-6 

4-7 

4-8 

4-9 

4-10 

4-11 

4-12 

4-13 

4-14 

4-15 

4-16 

4-1 7 

V 

d 



D2- 1 18322- 1 

FIGURE NO. 

ILLUSTRATIONS 

TITLE PAGE 

4.16 

4.17 

4.18 

4.19 

LM-10 D/S INTERNAL LOAD LOCATIONS LM-10 
DESCENT STAGE UPPER DECK 4-1 8 
LM-IO D/S INTERNAL LOAD LOCATIONS LM-10 
DESCENT STAGE LOWER DECK 4-19 
LM-10 D/S INTERNAL LOAD LOCATIONS LM-10 
DESCENT STAGE 4- 20 
LM-10 D/S INTERNAL LOAD LOCATIONS LM-10 
DESCENT STAGE 4-21 

v i  



D2- 1 18322- 1 

TABLES 

TABLE NO. 

3.1 
3.2 
3.3 

3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
3.16 
3.17 
3.18 
3.19 
3.20 
3.21 
3.22 
3.23 
3.24 
3.25 
3.26 
3.27 
3.28 
3.29 
3.30 
3.31 
3.32 
3.33 
3.34 
3.35 
3.36 
3.37 
3.38 
3.39 
3.40 
3.41 
3.42 
3.43 
3.44 

TITLE 

LM-10 MASS POINT COORDINATES 

PROBABILITY DISTRIBUTIONS OF LM-10 I N I T I A L  
MASS PROPERTIES FOR NOMINAL LM LANDING NEIGHT 

CONDITIONS 
LM- 10 
LOCAL 
LOCAL 
LOCAL 
LOCAL. 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 

I LUNAR LANDING I N I T I A L  CONDITIONS 
ELEVATION TABLE 1 
ELEVATION TABLE 2 
ELEVATION TABLE 3 
ELEVATION TABLE 4 
ELEVATION TABLE 5 
ELEVATION TABLE 6 
ELEVATION TABLE 7 
ELEVATION TABLE 8 
ELEVATION TABLE 9 
ELEVATION TABLE 10 
ELEVATION TABLE 1 1  
ELEVATrON TABLE 12 
ELEVATION TABLE 13 
ELEVATION TABLE 14 
ELEVATION TABLE 15 
ELEVATION TABLE 16 
ELEVATION TABLE 17 
ELEVATION TABLE 18 
ELEVATION TABLE 19 
ELEVATION TABLE 20 
ELEVATION TABLE 21 
ELEVATION TABLE 22 
ELEVATION TABLE 23 
ELEVATION TABLE 24 
ELEVATION TABLE 25 
ELEVATION TABLE 26 
ELEVATION TABLE 27 
ELEVATION TABLE 28 
ELEVATION TABLE 29 
ELEVATION TABLE 30 
ELEVATION TABLE 31 
ELEVATION TABLE 32 
ELEVATION TABLE 33 
ELEVATION TABLE 34 
ELEVATION TABLE 35 
ELEVATION TABLE 36 
ELEVATION TABLE 37 
ELEVATION TABLE 38 
ELEVATION TABLE 39 
ELEVATION TABLE 40 

PAGE 

3-12 
3-16 

3-17 
3-18 
3-22 
3-23 
3-24 
3-25 
3-26 
3-27 
3-28 
3-29 
3-30 
3-31 
3-32 
3-33 
3-34 
3-35 
3-36 
3-37 

3-39 
3-40 
3-41 
3-42 
3-43 
3-44 
3-45 
3-46 
3-47 

3-49 
3-50 
3-51 
3-52 
3-53 
3-54 
3-55 
3-56 
3-57 
3-58 
3-59 
3-60 
3-61 

3-38 

3-48 

v i  i 
d 



D2- 1 1 8322- 1 

TABLES (Continued) 

TABLE NO. T ITLE 

3.45 
3.46 
3.47 
3.48 
3.49 
3.50 
3.51 
3.52 
3.53 
3.54 
3.55 
3.56 
3.57 
3.58 
3.59 
3.60 
3.61 
3.62 
3.63 
3.64 
3.65 
3.66 
3.67 
3.68 
3.69 
3.70 
3.71 
3.72 
3.73 
3.74 
3.75 
3.76 
3.77 
3.78 
3.79 
3.80 
3.81 
3.82 
3.83 
3.84 
3.85 
3.86 
3.87 
3.88 

LOCAL ELEVATION TABLE 41 
LOCAL ELEVATION TABLE 42 
LOCAL ELEVATION TABLE 43 
LOCAL ELEVATION TABLE 44 
LOCAL ELEVATION TABLE 45 
LOCAL ELEVATION TABLE 46 
LOCAL ELEVATION TABLE 47 
LOCAL ELEVATION TABLE 48 
LOCAL ELEVATION TABLE 49 
LOCAL ELEVATION TABLE 50 
LOCAL ELEVATION TABLE 51 
LOCAL ELEVATION TABLE 52 
LOCAL ELEVATION TABLE 53 
LOCAL ELEVATION TABLE 54 
LOCAL ELEVATION TABLE 55 
LOCAL ELEVATION TABLE 56 
LOCAL ELEYATION TABLE 57 
LOCAL ELEVATION TABLE 58 
LOCAL ELEVATION TABLE 59 
LOCAL ELEVATION TABLE 60 
LOCAL ELEVATION TABLE 61 
LOCAL ELEVATION TABLE 62 
LOCAL ELEVATION TABLE 63 
LOCAL ELEVATION TABLE 64 
LOCAL ELEVATION TABLE 65 
LOCAL ELEVATION TABLE 66 
LOCAL ELEVATION TABLE 67 
LOCAL ELEVATION TABLE 68 
LOCAL ELEVATION TABLE 69 
LOCAL ELEVATION TABLE 70 
LOCAL ELEVATION TABLE 71 
LOCAL ELEVATION TABLE 72 
LOCAL ELEVATION TABLE 73 
LOCAL ELEVATION TABLE 74 
LOCAL ELEVATION TABLE 75 
LOCAL ELEVATION TABLE 76 
LOCAL ELEVATION TABLE 77 
LOCAL ELEVATION TABLE 78 
LOCAL ELEVATION TABLE 79 
LOCAL ELEVATION TABLE 80 
LOCAL ELEVATION TABLE 81 
LOCAL ELEVATION TABLE 82 
LOCAL ELEVATION TABLE 83 
LOCAL ELEVATION TABLE 84 

PAGE 

3-62 
3-63 
3-64 
3-65 
3-66 
3-67 
3-60 
3-69 
3-70 
3-71 
3-72 
3-73 
3-74 
3-75 
3-76 
3-77 
3-78 
3-79 
3-80 
3-81 
3-82 
3-83 
3-84 
3-85 
3-86 
3-87 
3-88 
3-89 
3-90 
3-91 
3-92 
3-93 
3-94 
3-95 
3-96 
3-97 
3-98 
3-99 
3- 100 
3-101 
3-102 
3-103 
3-104 
3-105 

y i i i  

d 



D2- 1 18322- 1 

TABLES (Continued) 

TABLE NO. T ITLE 

3.89 
3.90 
3.91 
3.92 
3.93 
3.94 
3.95 
3.96 
3.97 
3.98 
3.99 
3.100 
3.101 
3.102 
3.103 
3.104 

LOCAL. ELEVATION TABLE 85 
LOCAL ELEVATION TABLE 86 
LOCAL ELEVATION TABLE 87 
LOCAL ELEVATION TABLE 88 
LOCAL ELEVATION TABLE 89 
LOCAL ELEVATION TABLE 90 
LOCAL ELEVATION TABLE 91 
LOCAL ELEVATION TABLE 92 
LOCAL ELEVATION TABLE 93 
LOCAL ELEVATION TABLE 94 
LOCAL ELEVATION TABLE 95 
LOCAL ELEVATION TABLE 96 
LOCAL ELEVATION TABLE 97 
LOCAL ELEVATION TABLE 98 
LOCAL ELEVATION TABLE 99 
LOCAL ELEVATION TABLE 100 

4.1 GENERAL LANDING INDICATORS 
4.2 MAXIMUM VALUES OF EXTERNAL RJNAMIC LOADS 

4.4 MAXIMUM VALUES OF INTERNAL DYNAMIC LOADS 
4.3 LM-10 INTERNAL LOAD SYMBOLS 

PAGE 

3- 106 
3-107 
3-108 
3-109 
3-110 
3-1 1 1  
3-112 
3-1 13 
3-114 
3-115 
3-116 
3-117 
3-1 18 
3-1 19 
3- 120 
3-121 

4-22 
4-27 
4-33 
4-46 

d 



n 

Y 

D2-118322-1 

REFERENCES 

1. D. Merchant and D. Sawdy, Boeing Document 02-118255-1, LM-5 LUNAR 
LANDING LOADS ANALYSIS, September 26, 1969 

2. GAC L e t t e r  LLR 520-115, "LMMP S t ruc tu ra l  S t i f f n e s s  and Mass 
D is t r ibu t ion , "  August 26, 1969 

3. SNA-8-D-027( 111) , CSM/LM Spacecraft Operational Data Book, 
Volume I11 Mass Proper t ies 

4. L. Doty, Boeing Document D2-118314-1, DYNAMIC CHARACTERISTICS OF 
LM-1O/LRV DURING LUNAR LANDING," To Be Released 

5. R. Melosh, P. Diether,  and M. Brennan, S t ruc tu ra l  Analysis and 
Mat r ix  I n t e r p r e t i v e  System (SAMIS),  NASA Technical Memorandum 
No. 33-307, J e t  Propuls ion Laboratory, C a l i f o r n i a  I n s t i t u t e  o f  
Technology, Pasadena, Ca l i f o rn ia ,  September 1, 1966 

6. S .  Faber, NASA/MSC Memo CF831-70M-5, "LMS Landing C r i t e r i a  Data ,I' 
January 22, 1970 

7. H. Kahn, "Use o f  D i f f e r e n t  Monte Car lo Sampling Techniques," 
Symposium on Monte Car lo Methods, Wiley, New York, 1956, pp. 146-190 

8. J. L. Vawter, Boeing Document D2-118314-1, PREPARATION OF THE LUNAR 
SURFACE ELEVATION TABLES FOR LUNAR LANDING DESIGN LOAD ANALYSES , I '  

June 22, 1970 

9. J .  Murray, Boeing Document 02-118335-1, LANDING ANALYSIS PROGRAM 
(LAP), September 21, 1970 

X 

d 



D2- 1 1 8322- 1 

1 .O INTRODUCTION 

The capability o f  the basic Lunar Module (LM) structure for the early 
Apollo missions was verified with the lunar landing loads calculated 
for LM-5. 
different characteristics o f  scheduled landing sites required new load 
analyses for Apol lo 15 (LM-10) and subsequent missions. This document 
gives the loads calculated for structural evaluation o f  the LM-10 land- 
ing configuration. Lunar Roving Vehicle (LRV)  loads calculated for 
lunar landing during this study have been reported previously and are 
not repeated herein. Loads presented include external forces and moments 
a t  the mass points of a structural model o f  LM-10 plus internal axial 
forces and shears in the structural members. 
the LM-10 analysis are detailed in this report. 
of LM-10 i s  also described. 

Changes t o  the LM structure and mass properties and the 

Improved methods used in 
The mathematical model 

1-1 
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2.0 TECHNICAL APPROACH 

Methods used to derive the LM dynamic landing loads given i n  this document 
are essentially the same as used i n  the previous LM-5 analysis detailed 
i n  Reference 1. Only the general approach i s  repeated here along w i t h  
some specific analysis improvements. 

Individual l a n d i n g  simulations were initiated with the LM a t  landing 
probe length above the lunar surface a t  specified Initial orientatton and 
velocities. These initial conditions were selected by a random number 
generator. Elastic characteristics of the LM structure were represented 
by a three-dimensional mathematical model generated by Grumman Aerospace 
Corporation (GAC) .  A detailed structural idealization of the Lunar 
Roving Vehicle ( L R V )  was included i n  the LM structural model. Dynamic 
acceleration response time histories were calculated a t  the mass loca- 
tions (nodes) o f  the math model throughout the landing. Load time his- 
tories consisting of to ta l  dynamic forces and moments acting on the 
individual structural nodes (external loads) were obtained from the 
responses. These external 1 oads included the reaction forces appl ied to  
the LM by the LRV a t  the LM/LRV attachment po in t s ,  and the nonlinear 
forces applied by the upper diagonal straps in the descent stage. Loads 
i n  the structural elements between the mass points (internal loads) were 
computed from the external load time histories by means of a GAC "stress" 
matrix. 

2-1 
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3.0 DESCRIPTIONS OF MATHEMATICAL MODEL 

3.1 PHYSICAL DESCRIPTION OF LM-10 

A composite view showing the  general con f igura t ion  o f  the LM and lo- 
ca t ing  some o f  t he  mass po in ts  used i n  the  LM-10 s t r u c t u r a l  i d e a l i z a t i o n  
i s  presented i n  F igure 3.1. The GAC body- f ixed LM coord inate system 
i s  o r i en ted  d i f f e r e n t l y  from the  body- f ixed system used i n  the  land ing  
dynami cs computer program. For convenience, a1 1 the geometry , mass, 
and s t r u c t u r a l  data are presented i n  the  GAC coord inate system. 

3.1.1 Vehic le  Geometry 

Deta i led  i l l u s t r a t i o n s  o f  the  GAC B i g  Spr ing I V  mass p o i n t  l oca t i ons  
f o r  the LM-10 s t r u c t u r a l  model are presented i n  Figures 3.2 and 3.3 f o r  
the ascent stage and i n  Figures 3.4 and 3.5 f o r  the descent stage. The 
correspondi ng mass-poi n t  coordi nates, obtained from Reference 2 are 
l i s t e d  i n  Table 3.1. Mass p o i n t  l oca t i ons  f o r  the  Boeing generated model 
of the LRV are shown 
o f  the  LM used i n  the  

3.1.2 Mass and I n e r t  

The mass d i s t r i b u t i o n  
B i g  Spr ing I V  mass an 

n Figure 3.6. 
l u n a r  landing ana lys is .  

F igure 3.7 shows the bas i c  geometry 

a Data 

used i n  the s t r u c t u r a l  model was based on the GAC 

coord inate data t ransmi t ted  i n  Reference 2, The 
bas ic  B i g  Spr ing I V  mass values were updated t o  r e f l e c t  the cu r ren t  
LM-10 t o t a l  mass p roper t i es  and nominal p rope l l an t  weights as given by 
Reference 3. The weight  of the  land ing  gear was excluded from the  LM-10 
mass i d e a l i z a t i o n  s ince,  du r ing  landing,  the gear would be supported by 
the  l una r  surface. 
l i s t e d  i n  Table 3.2. 

To ta l  LM mass p roper t i es  used i n  the  ana lys is  are 
Deta i l ed  mass and i n e r t i a  data are presented i n  

Reference 4. 

3.1.3 E l a s t i c  V ib ra t i ona l  Modes 

The frequencies, mode shapes, and genera l ized masses f o r  the  f ree - f ree  
LM-10 s t r u c t u r a l  model were computed from the GAC B i g  Spring I V  and the  

3- 1 
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3.1.3 Continued 

preliminary LRV three-dimensional stiffness matrix and mass matrix. The 
combined stiffness matrix consists of 294 degrees of freedom, including 
rotational freedoms for the IMU and DPS engine. The dynamic character- 
istics used in the lunar landing analysis are given in Reference 4. The 
mode shapes and frequencies were calculated with the Householder eigen- 
value routine described in Reference 5. 

3.1.4 Force Transmission Properties of the Landing Gear and DPS Nozzle 

The initial kinetic energy of lunar landing is dissipated through crush- 
ing of the landing gear honeycomb cartridges, bearing friction in the 
landing gear struts, and crushing of the descent-stage nozzle. These 
properties for LM-10 are the same as used in the previous analysis for 
LM-5 and are detailed in Section 3.1.4 of Reference 1. 

3.1.5 DPS Engine Thrust Characteristics 

During the time between initial probe contact and footpad touchdown, 
the LM free-fall motion is modified by the decaying DPS thrust. The 
thrust decay characteristics of the LM-10 DPS engine are the same as 
described in Section 3.1.5.1 of Reference 1. Thrust amplification o f  
the DPS engine was not included in this analysis. ' 

3.2 INITIAL CONDITIONS 

Procedures used for Apollo lunar landing are described in Reference 1. 
The probability distributions assumed for the LM-10 lunar landing 
analysis were based on simulations conducted at MSC (Reference 6). 
These simulations, used for astronaut training, included guidance 
anomalies with some manual throttle landings, The state vectors at 
probe contact from the simulations were classified into nominal and 
severe cases by a preliminary screening procedure. Nominal caset; were 

d 
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3.2 Con ti nued 

those w i t h  i n s u f f i c i e n t  k i n e t i c  energy t o  l oad  a land ing  gear t o  the  
h igher  crush l e v e l .  Severe cases, which are of primary i n t e r e s t  i n  a 
design loads analys is ,  were those with s u f f i c i e n t  energy t o  load a t  
l e a s t  one gear t o  the  h ighe r  crush l e v e l .  Based on the  MSC s imulat ions,  
the  r a t i o  o f  severe cases t o  nominal cases was 100 t o  72. Thus, by 
the  Monte Car lo  sampling technique known as Russian Rou le t te  (Reference 7 ) ,  
an e f f e c t i v e  sample s i z e  o f  172 was obtained by c a l c u l a t i n g  landings f o r  
the  100 severe cases o f  i n t e r e s t .  The d i s t r i b u t i o n s  o f  the i n i t i a l  
condi t ions used f o r  the  LM-10 luna r  landing ana lys is  were determined 
from a s t a t i s t i c a l  ana lys is  o f  the s t a t e  vectors for the severe cases. 
The p i l o t  delay i n  s h u t t i n g  o f f  t he  descent-stage engine was taken a t  
the  low range o f  the s imu la t i on  data. 

The p r o b a b i l i t y  d i s t r i b u t i o n s  f o r  the  LM-10 i n i t i a l  cond i t ions  a t  
probe contac t  are l i s t e d  i n  Table 3.3. 
t i ons  assumed are normal, lognormal, and uniform. 

the  100 se ts  o f  i n i t i a l  cond i t ions  w i t h  the parameters l i s t e d  i n  Table 3.3. 

The th ree  t h e o r e t i c a l  d i s t r i b u -  
Table 3.4 describes 

3.3 PHYSICAL DESCRIPTION OF LUNAR SURFACE 

The i d e a l i z e d  l una r  sur face used f o r  the LM-10 ana lys is  was based on a 
medium r e s o l u t i o n  e l e v a t i o n  t a b l e  generated by the MSC Mapping Sciences 
Laboratory f o r  the  Fra Mauro s i t e .  Un l i ke  the s i m i l a r  e leva t i on  tab le  
used f o r  the  LM-5 ana lys is  (Reference l ) ,  the medium r e s o l u t i o n  eleva- 
t i o n  t a b l e  described on ly  the  l a r g e r  sca le  sur face roughness. 
necessary LM-scale roughness was generated by superimposing rocks and 
smal ler  c ra te rs  on the  bas i c  Fra Mauro data. 
de ta i  l e d  descr ip t ions  of the mathemati ca l  opera t i  ons i nvol ved i n  the 
1 unar sur face generation. 

The 

Reference 8 provides 
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3.3 Continued 

The r e s u l t i n g  e leva t i on  t a b l e  was d i v ided  i n t o  100 l o c a l  e leva t l on  tables 
centered around the randomly generated cen t ro ida l  landing coordinates 
f o r  use i n  the land ing  dynamics computer program o f  Reference 9. 
l o c a l  e leva t i on  tab les  and corresponding land ing  coordinates are given i n  
Tables 3.5 through 3.104. The columns and rows o f  the l o c a l  e l e v a t i o n  
tables are p a r a l l e l ,  respec t i ve l y ,  t o  the X and Y ax i s  o f  the MSC g r a v i t y -  
surface i n e r t i  a1 coordi  nate sys tem (Reference 9) . The spacing between 
the rows (AX) i s  29.4 inches, and the spacing between the columns ( A Y )  i s  
25.3 inches. The p o i n t  e leva t ions  from the l o c a l  tab les  were converted 
i n t o  a continuous surface by f i t t i n g  a hyperbo l i c  parabo lo id  through the 
e leva t ions  o f  f o u r  adjacent g r i d  po in ts  as described i n  Reference 1. 

These 
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FIGURE 3.1 LM-10 COMPOSITE VIEW 
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TABLE 3.1 LM-10 MASS POINT COORDINATES 

LM-10 COORDINATES - INCHES NODE NO. 

303.9 0 .o 55.109 501 
502 296.297 0.0 78.887 
503 280.0 -36.70 51.687 

xG *G zG 

- . _ _  . - _I 

504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
52 1 
522 
523 
524 
525 
526 

252.0 -17.42 
280 .O 36.70 
252 .O 17.42 
253.75 -65.20 
253.75 65.20 
211.602 22.0 
211.602 -22 .o 
205.94 0 .o 
277.14 -26.851 
280 .O -36.70 
280 .O -36.70 
253.5 -27.50 
233.5 -10.5 
233.5 0 .o 
233.5 10.50 
253.5 27.50 
277.14 26.851 
280.0 36.70 
280.0 36.70 
294.643 17.25. 
294.643 -17.25 
277.140 -26.851 
253.50 -27.50 

64.557 
51.687 
64.557 
65 330 
65.330 
64.557 
64.557 
27 ,O 
27.0 
-10.25 
10.25 
27.0 
-4.0 
13.75 
-4.0 
27.0 
27.0 
-10.250 
10.250 
27.0 
27.0 
-27 .O 
-27 .O 

3-1 2 

d 
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TABLE 3 1 LM-10 MASS POINT COORDINATES (CONTINUED) 

NODE NO. 

527 
528 
529 
530 
531 
532 
533 
534 
53 5 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 

LM-10 COORDINATES INCHES 
xG yG zG 

233.50 
253 50 
277.140 
294.643 
252.0 
253.75 
253.75 
228.0 
228.0 
158.5 
158.5 
158.5 
158.5 
154.0 
196.0 
196 0 
196 .O 
196.0 
125.7 
125.7 
186.029 
131.14 
131.14 
196 
196. 

0.0 
27.50 
26.851 
0.0 
0.0 
65.2 
-65.2 
44.538 
-71.260 
0.0 
0.0 
54.0 
-54.0 
0 .o 

-27 .O 
27.0 
27 .O 
-27 .O 
-39 29 
39.29 
0 .o 

-27 .O 
27 .O 
27 .O 
-27 .O 

-27 .O 
-27 .O 
-27.0 
-27 .O 
-63.50 
-65.33 
-65.33 
0.0 
0.0 

-54.0 
54.0 
0.0 
0.0 
0.0 

-27 .O 
-27 .O 

27 .O 
27 .O 

-111.63 
-111.63 
-116.514 
-81 .O 
-81 .O 
-81 .O 
-81 .O 

3-1 3 
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.. TABLE 3.1 LM-10 MASS POINT COORDINATES (CONTINUED) * 

LM-10 COORDINATES INCHES NODE NO. 
XG yG zG 

617 131.14 27 ,O -27.0. 
618 131.14 -27 .O -27 .O 
619 125.7 111.63 -33.29 
620 131.14 81 .O -27 .O 
621 131.14 -81 .O -27 .O 
622 196.0 81 .O -27 .O 
623 196 .O -81 .O -27 .O 
624 
625 
626 
627 
628 
629 
630 
63 1 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 

125.7 
186.029 
186.029 
125.7 
125.7 
131.14 
131.14 
196.0 
196 .O 
131.14 
131.14 
131.14 
131.14 
196 .O 
196 .O 
125.7 
125.7 
186.029 

-111.63 
116,514 
-116.514 
-111.63 
111.63 
81 .O 
-81 .O 
81 ,O 
-81 ,O 
27 .O 
-27 .O 
27 ,O 
-27 .O 
27 ,O 
-27 .o 
39.29 
-39.29 
0 .o 

-39.29 
0.0 
0 .o 
39.29 
39.29 
27 .O 
27 ,O 
27 .O 
27.0 
27 .O 
27 .O 
81 .O 
81 .O 
81 .O 
81 .O 
111.63 
111.63 
116.514 
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TABLE 3.1 LM-10 MASS POINT COORDINATES (CONTINUED) 

LM-10 COORDINATES - INCHES NODE NO. 
xG yG zG 

704. 
706 
70 8 
709 
71 1 
71 3 
71 4 
71 5 
720 
721 
722 
723 
729 
730 
731 
737 
743 
75 1 
7 70 
771 
772 
773 
780 
781 
788 
789 
790 
79 1 
792 
79 3 
79 4 
79 5 

136.486 
136.486 
153.356 
187.236 
187.236 
187.236 
153.356 
163.486 
132.736 
132.736 
190 736 
190.936 
135.826 
135.826 
135.826 
163.426 
135.826 
178.636 
147.596 
174.716 
147.596 
174.716 
133.016 
133.016 
158.226 
158.226 
1 48.21 6 
148.216 
158.226 
158.226 
148.21 6 
148.2 16 

3-15 

-49.412 
-74.515 
-43.013 
-43.01 3 
-61.928 
-80.843 
-80.843 
-61.928 
-46.761 
-71.863 
-46.761 
-71.863 
-44.109 
-54.815 
-58.435 
-53.089 
-69.21 1 
-56.625 
-36.359 
-36.359 
-59.899 
-59.899 
-34.280 
-75.434 
-54.786 
" 49 200 
-54.786 
-49.200 
.. 70 .413 
-64.827 
- 70 .413 
-64.827 

76.050 
50.947 
82.449 
82.449 
63.534 
44.619 
44.619 
63.534 
73.398 
48.296 
73.398 
48.296 
70.746 
60.041 
56.420 
54.695 
45.644 
58.231 
61.427 
61.427 
37.887 
37.807 
77.040 
35 886 
66.433 
72.019 
66.433 
72.019 
50,806 
56.392 
50.806 
56.392 

d 
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TABLE 3.2 MASS PROPERTIES FOR NOMINAL LM LANDING WEIGHT 

- 

1m-10 
Math Model 

Total Vehicle Mass 46.3716 
( 1 bs sec2/i nch) 

K -  in 
Y -  in 

212.331 

- ,7477 
Z -  in 4380 

I x x  - lb.sec*ein 173752. 

Iyy * lbesec2.in 188398. 

Izz * 1b.sec2ein 199907. 

2217.09 Ixy - 1bosec *in 
Ixz - lb.sec2*in 806 8.59 

Iyz * lb*sec2ein 2006.22 

2 

d 
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TABLE 3.3 PROBABILITY DISTRIBUTIONS OF LM-10 INITIAL CONDITIONS 
(BASED ON MSC LM LANDING SIMULATION STUDIES) 

Variable P Units Distribution 

(VXHORZ) Lateral Velocity inches/second N(y = 2 ,  u 10) 

(VY HORZ) Forward Vel oci ty i ncheslsecond N(p +: 55, Q 23) 

(VVERT) Verti cal Vel oci ty  i nches/second LN(p -51, u = 31) 

(PITCH) Euler Pitch Angle radf ans N(p = ,013, u ,031) 

(ROLL)  Euler Roll Angle radians N(p = ,001, u = ,040) 

(YAW) Euler Yaw Angle radians U(0, 6.28) 

(VPITCH) Body Pitch Rate rad/sec N(p  = 0 ,  u = .002) 

(VROLL) Body Roll Rate rad/sec N(p 0 ,  u ,002) 

(VYAW) Body Yaw Rate rad/sec N(p = 0,  (9 =r .002) 

(TCUT) P i lo t  Delay Time seconds u(.35, ,45) 

3-1 7 
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4.0 STATISTICAL ANALYSIS OF RESULTS 

The detailed dynamic responses of the LM math model were determined f o r  
each of the 100 lunar landing cases by the landing  dynamics computer 
program. All 100 of the simulated landings were s table .  General land-  
i n g  indicators which  serve to  characterize each landing were monitored, 
along w i t h  external and internal dynamic loads. 
loads and stress indicators were analyzed s t a t i s t i c a l l y  to  yield con- 
fidence 1 imits fo r  exceedance probabili t ies.  

Selected internal 

The general landing indicators fo r  each landing case, listed in 
Table 4.1, include the following: 
rotational veloci t ies  a t  impact, footpad making i n i t i a l  contact with 
the lunar surface, and maximum stroke of each of the four primary 

translational veloci t ies  a t  impact, 

landing gear struts. T h e  second crush levels of the primary struts 
are attained 183 times out of 400 possible footpad strokes. As indi- 
cated i n  Table 4.1, the primary strut stroke exceeds 10 inches (thereby 
reaching the second crush level)  for  a t  l ea s t  one landing gear fo r  each 
landing case. The  LM landing gear struts and footpads are designated 
i n  the GAC body-fixed coordinate system. 

The maximum external dynamic loads on each degree of freedom i n  the 
structural  model a re  presented i n  Table  4.2. The external load com- 
ponents correspond t o  the mass point locations i l lus t ra ted  in Figures 3.2 
through 3.5. The maximum load, shown as VALUE 1 in Table 4.2, i s  ac- 
companied by the other two force o r  moment components occurring simul- 
taneously a t  the mass p o i n t .  The ordering of the load t r iad i s  as 
f 01 1 ows : 

VALUE 1 VALUE 2 VALUE 3, 
X+ Y Z 
X- Y Z 
Y X Z 
Z X Y 

4- 1 
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4.0 Continued 

The probabi 1 i ty level shown corresponds t o  the 50 percent nonparametric 
one-sided confidence limit for an effective sample size of 172 landing 
cases. The case number and time of occurrence for each maximum load 
identify the instantaneous loading condition for  subsequent detailed 
stress analyses. The great complexity of the load-causing mechanisms 
i n  the lunar landing analysis i s  illustrated by the fact  that a "worst- 
loads case'' for this mathematical model does not appear. 
and moments i n  Table 4.2 are expressed i n  units of pounds and inch- 
pounds and are referenced t o  the GAC body-fixed coordinate system. 

The forces 

Internal dynamic loads a t  441 ascent stage and 212 descent stage loca- 
tions were calculated continuously throughout  the l a n d i n g  maneuver. 
Internal load locations for  the ascent stage are identified i n  Figures 4.1 
through 4.15. Descent stage internal load locations are shown i n  
Figures 4.16 through 4.19. A description of the symbols used t o  repre- 
sent a l l  internal loads in the digital format i s  given i n  Table 6 . 3 .  
These tables also give the units for each load and reference the appro- 
priate figure for structural location. The maximum value of each 
internal load and corresponding analysis case and time are given i n  
Table 4.4. These maximum values were analyzed statist icalJy by the 
methods described i n  Section 2.4 of Reference 1. The probability level 
of .996 shown for each variable i s  the 50 percent nonparametric one- 
sided confidence limit. 
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FIGURE 4.1 LM-10 A/S INTERNAL LOAD LOCATIONS 
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FIGURE 4.3 LM-10 A/S INTERNAL LOAD LOCATIONS 
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FIGURE 4.4 LM-10 A/S INTERNAL LOAD LOCATIONS 
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FIGURE 4.5 LM-10 A/S INTERNAL LOAD LOCATIONS 
FROHT FACE BEAM 

x 

4-7 



D2-118322-1 

FIGURE 4.6 LM-10 A/S INTERNAL LOAD LOCATIONS 
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FIGURE 4.7 LM-10 A/S INTERNAL LOAD LOCATMNS 
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FIGURE 4.9 LM-10 A/S INTERNAL LOAD LOCATIONS - - 
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FIGURE 4.10 LM-10 A/S INTERNAL LOAD LOCATIONS 
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FIGURE 4.11 LM-10 A/S INTERNAL D LOCATIONS 
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FIGURE 4 . 1 2  LM-10 A/S INTERNAL LOAD LOCATIONS -_ - - 
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FIGURE 4.13 LM-10 A/S INTERNAL LOAD LOCATIONS 
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T 4.3 LM-10 INTERNAL LOAD SYMBOLS 

US -227 AFT BULKH 
(FIGURE 4.1) 

Load I n t e d  

891 
652 
893 
As4 
AS5 
as6 
897 
As8 
As9 
891 0 
AS1 1 
As1 2 
AS1 3 
AS14 
AS1 5 
AS1 6 
AS1 7 
AS1 8 
AS1 9 
6520 
AS21 
As22 
As23 
8524 
As25 
AS26 
As27 
a528 
as29 
AS30 
A531 
AS32 
AS33 

PI 
p2 
p3 
p 4  
p5 

p7 
*6 

7 

9 
PI 8 

p20 
p21 
p22 

P27 

p27L 
P28 
P28R 

p27R 

Lbs 

Lbe 
Lbs 

Lba 
Lbs 
Lbe 
Lbs 
Lb 
Lb 
Lb 

Pl 
p2 
p3 
p4 
P5 

As67 
AS68 
As69 
AS70 
AS71 

A537 

A963 
4. 
5 
6 

(FIGURE 4.2) 

1b5 
Lbar 
1b5 
Lbe 

72 
73 
74 
75 

a576 p9 Lb# p10 

4-33 
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TABLE 4 . 3  LM-10 INTERNAL LOAD SYMBOLS (~ONTINUED) 

A/s %27 FORWARD BU 

(FIGURE 4.3) 

Load Internal 

as77 
A578 
As79 
As80 
AS81 
As82 
AS83 
as&6 
m5 
8586 
As87 
As88 
bs89 
AS90 
As91 
As92 
As93 
As94 
As95 
As96 
As97 
-8 
As99 
As1 00 
As1 01 
As1 02 
AS1 03 
As1 04 
As1 05 
AS1 06 
AS1 07 
AS1 08 
aSlW 
AS110 
As111 
As112 
AS113 
AS1 14 
AS115 

97 

*8 

5 
'1 6 
7 

'1 9 
PI 8 

p20 
p21 
p22 

Lbs/In 

Lbw 
Eb 
Lb 
Lb 
Lb 
Lb 

Lbe 
Lb 
Lb 
Lbs 
Lbe 
Lbe 
Lbe 
Lbs 
Lbs 

Load IntSrrcal 

AS1 16 
AS117 
As118 
AS7 19 

As1 39 

'23 

'25 
p26 
*27 

P26 
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c 

TABLE 4.3 LM-10 INTERNAL LOAD SYMBOLS (CONTINUED) 

A/S LEFT SIDE CANTED B 

had Internal 

AS1 58 
AS1 59 
AS160 
AS161 
AS162 
AS1 63 
AS1 64 
AS1 65 
AS1 66 
AS1 67 
AS1 68 
AS1 69 
AS1 70 
AS1 71 
ASlR 
AS1 73 
AS174 
AS1 75 
MI76 
AS1 77 
AS1 78 

1'79 

03 
AS204 
AS205 
as206 
E3207 
AS208 
as209 
As210 
BS211 
As21 2 
AS1 3 
AS214 
AS21 5 
As21 6 
AS21 7 
AS21 8 
AS21 9 
As220 
AS221 
As222 
AS223 
As224 

91 
42 
43 
44 
95 
q6 
97 

p3 
p4 
p5 

q1 
42 

d 

(FIGURE 4.4) 
Loaa InLernsl 

A / S  RIGHT SIDE CANTED B 

(FIGURE 4.4) 

Lba/In 
Lbs /h  
Lbs/In 

Lbs/.In 
Lbe/h 
Lbs/In 

Lbs/In 

-35 
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TABLE 4.3  LM-10 INTERNAL LOAD SYMBOLS {CONTINUED) 

A / S  FRONT FAGE BEAM 
(FIGURE 4.5) 

As248 
AS49 
AS250 
AS251 
AS252 
AS253 
AS254 
As255 
AS256 

AS267 
AS68 
AS269 
AS270 
AS271 
As272 
As273 
A8274 

A5284 

a 8 6  
AS287 
AS288 
As289 

85295 
AS296 
AS297 
AS298 

Lba/In 
Lbs/lh 
Lbs/In 
Lbe 
Lbs 
Lbe 
Lbe 
Lbs 
Lbe 

AS257 
A8258 
As259 
AS260 
AS261 
A5262 
AS263 
AS264 
AS265 
AS266 

A/S FRONT FACE LOWER BULKHEAD 
(FIGURE 4.6) 

As275 
76 
77 
78 
79 
80 
81 

A8282 
AS283 

A/S FRONT FACE CENTER PANEL 
(FIGURE 4.7) 

Ebe/In A5285 

Lbs 
Ibs 
LbLbs 

Ibrr 

'1 3 Lbs 
'14 Lbs 

p7 
P8 

PI 0 p9 xbs 

p11 IbO 
PI 2 Lbr 

PI 5 Lbs 6 

A / S  FRONT F E E  

Lbe/In 
Lbs/In 
Lbs/In 
Lbs 

Lba 
Lba 

p3 1b8 
p4 Lbs 
p5 Lbe 

p2 AS290 
91 
92 

AS293 
As294 P6 

A/S FRONT FACE RIGHT BROW (+Y) 
(FIGURE 4.8) 

Lbs/In 
Lbs 

As299 
As300 
AS301 
AS302 
As303 

Lbs 
Lbs 

p4 Lbs 
p5 Lba p6 

p2 
p3 Lbe 

-36 
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TABLE 4,3 L -10 INTERNAL LOAD SYMBOLS (CONTINUED) 
A/S FRONT FACE CHEEX PANEL 

(FIGURE 4.9) 

AS304 
AS305 
AS306 
AS307 
AS308 
m309 
AS31 0 
AS31 1 
AS31 2 

85322 
A5323 
AS324 
AS325 

AS330 
AS331 
AS332 

AS337 
AS338 
AS339 
AS340 
AS341 

a347 
A9348 
As349 
As350 

Lbs/In 

Lbs 

A831 3 
As31 4 

15 

17 
18 

A9319 
AS320 
A9321 

as31 6 

(FIGURE 4 a 10) 

6 
7 
8 
9 % '  

INTR. FTG. LON 

( FIGURE 4.10) 

Lb 
Lb 
B e  

LEFT (-Y) FWD. INTR, FTG. C 

Lbe/T.n 
Lb 

' Lb 
Lb 
Lb 

RIGHT (+Y> FWD, INTR, FTG. CORNER PORTIOW 

(FIGURE 4. i o )  
Lb6 
IL>r As35 1 p6 

AS352 p7 
AS353 P8 
As354 
As355 

Ike 

-37 



TABLE 4 3 LM-10 INTERNAL LOAD SYMBOLS (CONTINUED) 

SETI(XN -I277 CANTED D E K  
(FIGURE 4.11) 

mT HAND SIDE RIGBT BAND SIDE 
Load Internal Load Internal 

LE3FT HAND SIDE 
As358 

As360 

85363 

as366 
as367 
ASH 
AS369 
AS370 
AS371 
85372 

AS%1 
A S S  
AS383 
As384 
Ass5 
6x4386 
As387 

A/S MID SETI(M 4253.5 DISK 

( F ~ ~ U R E  4.12) 
RIGHT HAND STDE 

AS359 q2 

A/S CABQ -IC228 LGMGEfRoN - RH SIDE (e) 
(FIGURE 4.13) 

Lbbs/Iu AS361 
A5362 

A/S FUEL TANK SUPPORT STRUCTURE 

A8364 
As365 

A / S  LEFT SIDE (-Y) IMLT B 
(FIGURE 4.13) 

Lbs As378 
Lbls 379 

380 

A/S FLIGHT SIDE (+Y) INU BEAM 

4- 

(FIGURE 4.13) 

AS388 
As389 
As390 
As391 
la392 

393 
A8394 
As3395 

*1 
*2 

5 
6 

p8 
p9 
PI 0 

p3 
p4 
p5 
p4 
*7 
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TABLE 4*3 LM-IO INTERNAL LOAD SYMBOLS (CONTINUED) 

MIJJ SZTION L3PT SIDE 
(FIGURE 4.14) 

M I D  SETION RIGHT SIDE 
(FIGURE 4.15) 

Lbs 
Lbs 
Lbs 
Lbs 
Lbs 
Lbs 
Lbs 
Lbe 

Lbs/In 
Lbe/Xn 
Lbs/In 
LbdXn 

As430 
As431 
As432 
w 3 3  
As434 

A5439 
ASL(140 
AS441 

-39 
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TABLE 4.3 L -10 I ~ T ~ R ~ A L  LOAD SYMBOLS (CONTINUED) 

Load 

.. 
. DS1 
Ds2 
Ds3 
Dsq 
Ds5 
Ds6 
DS7 
DS8 
DS9 
Ds1 0 
Ds1 1 
Ds12 
DS13 
D W  
DS15 
mi6 
DS17 
DS18 
DS19 
JE20 
DS21 
DS22 
ns23 
Ds24 
D S 5  
I1526 
Ds27 
DS28 
DS29 
DS30 
Ds31 
DS32 
DS33 
Ds34 
m35 
DS36 
DS37 
DS38 
bs39 
W O  
W1 
D 4  
w 3  
D&4 
DS4.5 
DS46 

Aft (-2) Propellant Tank Support Structure Shear Panel Load 

A f t  (-2) Propellant Tank Support Structure Shear Panel bad 
A f t  (-2) Propsllant Tank Support Structure Shear Panel bad 

Quadrant I1 Lower Diagonal Strap -1 Load 
A f t  (-2) Right (+Y) Side Panel Shear Load 

A f t  (-2) Right (+Y) Side Panel Shear Inad 
A f t  (-2) Right (+Y) Side Panel Shear Load 
A f t  (-2) Left -Y) Side P a e l  shear h a d  
A f t  (-2) Left t -Y) Side Psnel Shear Load 
Aft (-2) Left (MY) Side Panel Shear b a d  
Aft (-2) Left (-Y) side panel shear bad 
Left (-Y) Aft (-2) Side Panel Shear Load 

Left -Y) A f t  (-2) Side Panel Shear Load 

A f t  (-2) Propellant Tank Support StrUCtWe Shear P a d  Load 

Quadrant I11 Lower Dhgo Laad 

Aft (-2) Right (+Y) Side P a e l  She= b a d  

Left (-Y) Aft (-2) Side Panel Shear b a d  

Left t -Y) Aft (-2) Side, Pan 

Fie\lre 
A 

4.16 
4.16 
4.17 
4.17 
4.17 
4.17 
4.19 
4.19 
4.19 
4.19 
4.19 

.19 
4.16 
4.16 
4.16 
4.16 
4.16 
4,16 
4.16 
4.16 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.19 
4,19 
4.19 
4.19 
4.19 
4.19 
4.18 
4,19 
4.18 
4.18 
4.18 
4.18 

4- 40 
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LQad 
ax!!&& 
a347 
D W  
w 9  
Ds50 
Ds5l 
DS52 
DS53 
m54 
w5 
DS56 
D557 
DS58 
Ds59 
Ds40 
DS61 
Ds62 
-3 
as64 
DS65 
Ds66 
DS48 
DS69 
DS70 
DS71 

DS72 
Ds73 
m?F4 
DS75 
DS76 
Ds77 
DS78 
Ds79 
Ds&o 
os81 

I 

Ds82 

IDS83 

Ds84 

D585 

Ds86 

0587 

D2-118322-1 

TABLE 4 .3  LM-10 INTERNAL LOAD SYMBOLS (CONTINUED) 

Internal b a d  D B 8 G r i D t i o n  i?ia& 

Aft -2) wine cornparbent Panel Shear Load Lba/b 
&a/& 
Lba/m 

A f t  (-2) wine Compartment Panel Shear Load 
A f t  (-2) &Sine Compartment Panel shear Load 
A f t  (-2) w i n e  Compartment Panel Shear bad xbs/kr 
A f t  (-2) mine compartment Panel shear Load &a/& 
Right (+Y) A f t  -Z) Side Panel Shear Load Lba/In 

Lbs/In 
Ba/In 

wt (+Y) A f t  (-2) Side Panel shear bad  
Right (+Y) A f t  (-2) Side Panel Shear Load 
A f t  (-2) Left -Y) Interatage Structure AYCW. bad Lbs 
APt  (-2) Left -Y) Interatage Structure ~x ia l  bad Lba 

xbs 
Lba 

A f t  (-2) Right (+Y) Interstage Structure Axial Load 
A f t  (-2) Right (+Y) Inbrs tage  Structure Axial Load 
Right (+Y) Outrigger Forward (+Z) Side Upper Tube Axial Load Lba 
Right +Y) Outrigger Aft (-2) Side Upper Tube A x i d  Load Lbs 
Right t Un) Outrigger Forward (4-2) Side bwer Tube Axial. Inad LbS 
Right (Y) Outrigger Aft (-2) Side Lower Tube Axfel X a d  

+Y) Outrigger Bulkhead Web Shear Load 
+Y) Outrigger Bulkhead Web Shear bad 

A f t  -2) mine Compartment Panel Shear Load Lb8/fn t 

Right (+Y) A f t  -2) Side Panel Shear Load &8/b t 
t 

G h t  (.Cy) OutrGger Bulkhead Web Shear Load 
Ftight +Y Outrigger Bulkhead Web Shear Inad 
Right I {  +Y Outrigger Bulkhead Web Shear Lo& 
Right (+Y) Outrigger Bulkhead Forward (%) Side l[lowsr Csp 

Right (+f) Outrigger Bulkhead Aft (-2) Side Lower Cap had 
Load 

Glit (+Y) Upper-Deck Shear Panel Load 
Right (Y) Upper Deck Shear Panel Load 
Right (+Y) Upper Deck Shear Panel Lad 
Right (+Y) Upper Deck Shear Panel bad 
Right (+Y) Wper Deck Shear Panel Load 
Right (+Y) Upper Deck Shear Panel Load 
Right (+Y) Upper Deck Shear Panel Load 
Right (Un) Upper Deck Shear Panel Load 
Right (+Y) Propellmt Tank Support Structure 

Right (+Y) Propellant Tank Support Structure 

Right (+Y) Propellant Tank Support Structure 

Right (e) Propellant Tank Support Structure 

Rlght (3)  Propellant T m k  Support S tmotwe 

Right (+Y) Propellant Tank Support Structure 

Right (+Y) Propellant Tank Support Structure 

Load 

bad 

Load 

Load 

bad 

Load 

Load 

Shear Panel 

Shear Panel 

Shear Panel 

Shear Panel 

S h w  Pand 

Shear Panel 

Sheax P a e l  

p 4 -  
A 
4.18 
4.18 
4.18 
4.18 
4.18 
4.18 
4.18 
4.18 
4.18 
4.18 
4.18 
4.18 
4.18 
4.18 
4.16 
4.16 
4.17 
4.17 
4.18 
4.18 
4.18 
4.18 
4.18 

4.17 
4.17 
4.16 
4.16 
4.16 
4.16 
4.16 
4.16 
4.16 
4.16 

4.17 

4.17 

4.17 

4.17 

4.17 

4.17 
4.17 

4- 41 

d 



Load 

DS88 

DS90 

DS91 

DS3 
DS94 
m5 
Ds96 
Ds97 
D S 8  
Ds99 
DSI 00 
Dsl 01 
DS102 
DSI 03 
DSI 04 
DSlO5 
DS106 
DS107 
DS108 
DS109 
Ds110 
DSI 1 1 
DS112 
MI13 
DSI 14 
DS115 
DS116 
DS117 
DS118 
os119 
DSI 20 
Ds121 
Ds122 
DS123 
DS124 
MI25 

DS127 
DS128 
DS129 
DSl30 

Dsl26 

02-1 18322-1 

TABLE 4.3 LM-IO INTERNAL LOAD SYMBOLS (CONTINUED) 
- -  - _ _  _ _  

Internal Load Deacriwbion 
Right (+Y) Propellant Tank Support S tmotwe Shear Panel 

Right (+Y) Propellant Tank Support Struoture shear P a a d  

Right (+Y) Propellant Tank Support S t rwture  Shear Panel, 

Right (e) Propellaat T a n k  ,Support S t rwture  sheer P d  

Right (+Y) Propellant Tank Support S t rwture  Shear Panel ~ 

Load i b8/h 

Load Ibr/kr 

Load Lbr/& 

had Lbr/kr 

Right (+Y) Ehgine Compartment Panel Shear Load ’ Lbr/kr 
mine Compartment Panel Shear Load 
Ehgine Compartment Panel .Shear Load Lbe/h 
Ehgine Compartment Panel Shear Load Lbr/kr 

Ibe/In 
Lbr/Ii, 

Left (-Y) Engine compartment Panel shear bad Ibr/lir 
Left (-Y) mgine Compartment Panel Shear bad  IbJlir 

Left (-Y) agine Compartment Panel Shear’Load &a/& 

Engine Compartment Panel shear bad ras/rzr 
Upper Deck Shear Panel Load Iks/lFn 

Lbr/Ia 
ur/h 

Lef’t (-Y) Upper Deck Shear Panel Load Lba/kr 
Left (-Y) Upper Deck Shear Panel Load Lbr/Ik 
Left -Y) Upper Deck Shear Panel: Load xlbcr/xa 
Left -Y). Upper Deck Shear Panel Load zlbs/Ik 

Propellant Tank Support Struoture Shear Panel Looad Lbs/Ia 
Propellaat ~ a n k  support Structure shear ~ s n e l  bad ~ a l b  

’ 

Load u8/kr 

Right (+Y) Engine Cornparbent Panel Shear Load 
Right (+Y) mine Compartment Panel Shear Inad 

Left (-Y) mine Compartment P m d , s h e a r  bad 

Left (-Y) F&gine Compartment Panel Shear Load 

&6/h 

&6/h 

Left (-Y) Upper. Deck shear Panel Inad 
Left (-Y) Upper. Deck Sheer Panel Load 

Lba/kr Left (-Y) Upper Deck Shear Panel Load 

Left (-Y) Propellant Tank Support Structure Shear Panel Inad Lbs/In 
Laft (-Y) Propellant Tank Support Structure Shear Panel Load Ibe/In 
Left (-Y) Propellant Tank Support Structure Shear Panel ~ A C I  L b d k  
Left (-Y) Propellant Tank Support Structure Shear Panel Iaad Lba/Ik 
Left -Y) Propellant Tank Support Structure Shear Panel Load Lbdb 
Left I -Y) Propellant Tank Support Structure Shear Panel Load B a / h  
Left (-Y) Propenant ~ a n k  Support Structure Shear pane1 LO& ~ b s / ~ n  
Left (-Y) Propellant Tank Support Structure Shear Panel bad Lbdh 
Left (-Y) Propellant Tank Support Structure Shear Panel Load Lbe/In 
Left (-Y) Propellant Tank Support Structure Shear Paael Load L b d b  

t 

Left (-Y) Outrigger Bulkhead Web Shear Load b S / b  
Left (-Y) Outrigger Bulkhead Web Shear Load 
Left (-Y) Outrigger Bulkhead Web Shear Load 

-Y> Outrigger Bulkhead Web Shear Load 
-Y) Outrigger Bulkhead Web Shear Load 

Iks/ks 
Us/& 
Lbs/In 
xks/Ih 

Left (-Y) Outrigger Bulkhead Web Shear Load LbS/bl 

4.17 

4.17 

4,17 

4.17 

4.17 
4.19 
4.19 
4.19 
4.19 
4.19 
4.19 
4.19 
4.19 
4.19 
4.19 
4.19 
4.19 
4.16 
4,16 ’ 

4.16 
4.16 
4.16 
4.16 
4.16 
4.16 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4,17 
4,17 
4.17 
4. I7 
4,17 
4.18 
4.18 
4.18 
4.18 
4.18 
4.18 
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Load a?!&!& 
DS131 
m32 

DSl33 
DSl34 
DS135 
DSl36 
DSl37 
DS138 
IS139 
D S W  
IS141 
E3142 
m43 
DS144 
DS145 
DSlG 
DS147 
DS148 
DS149 
DS150 
DSl51 
DS152 
DSl53 
Ds154 
Ds155 
DSI 56 
DS157 
DSl58 
DS? 59 
DS160 
DS161 
DSl62 
DS163 

DSl64 

DSl65 

DSl66 

DS167 

DSl68 

DS169 

TABLE 4.3 
- - . 

LM-10. INTERNAL LOAD SYMBOLS (COflTIt4UED) 

Internal Load Descrintion 
b f t  (-Y) outrigger w a d  A f t  (-Z) Side Lower Gap Load 
Left (-Y) Outrigger Bulkhead Forward (+Z) Side Lower C ~ Q  

Left (-Y) Outrigqer Af ' t  (.-Z) Side Upper Tube Axial Load 
Left (-Y) Outrigger Forward (+Z) Side Upper Tube Asdd had 

Left (-Y) Outrigger Forward (+Z) Side Lower Tube AxLal Load 

Ikl, 

Load Lbr 
Lbr 
Lbr 
Ibr 
Lbr 

hrt  (-Y) Outrigger Af ' t  (-Z) Side Lowetr Tube Axial Load 

Left (-Y) Folward (+Z) Side P w e l  Shear h a d  Ibr/& 
Left (-Y Forward +Z) Side Panel Shear Load W/b 

Ebr/Irr 
Iba/In 

Forward +Z mine Compartment Panel Shear Load -/a 
Forward +Z wine Compartmeslt Panel Shear Load ar/Iu 

Irbrr/Iir 
Ibr/lh 

Forward (+Z) Engine ompartment Panel Shear Lo& ubS/Ia 

Right +Y F o r w d  +Z Side Panel Shear had  Ibr/Xn 
Lbr/Ia 
LbS/& 

Left (-Y) Forward (e) Side Panel Upper Cap Load 
Left (-Y) Forwerd (ut) Side Panel Upper Cap Load 
Right (+Y Forward (+Z) Side Panel Upper Cap Load 

Left (-Y 1 Forward t +Z) Side Panel Shear Load 

E 

Left (-Y) Forward (+Z) Side Panel Shear Load 

Forward (+Z) Ehgine Compartment Panel Sh0ar Load 
Forward (+Z) wine ompartment Panel Shear Load 

Forward (+Z) Bqine Compartment Panel Shear Load 

Right (e) Forward (+Z) Side Panel Shear Load 
Right (e) Forwead (+Z) Side Panel Shear Load 

t l  
&b8/h 

Right t l  +Y Forward I1 UL SidePandShear  Load 

Right ( U Y  1 Forward (4%) Side Panel Upper Cap Load 

Lb8/& 
Lbr 
Lbr 
Lbr 
Ibr ' 

Forward (+Z) Upper, Deck Shear Panel Load 
Forward +Z) Upper Deck Shear Panel Load 
Forward t +Z) Upper Deck Shear Panel Load 
Forward (+Z) Gpper Deck Shear Panel Load 
Forward +Z) Upper Deck Shear Panel Load 
Forward t +Z) Upper Deck Shear Panel Load 
Forward (+Z) Upper Deck Shear Panel Load 
Forward +Z) Upper Deck Shear Panel Load 
Forward +Z) Propellant Tank Support Structure Shear Panel 
Load 

Forward (+Z) Propellent Tank Support Struuture Sheer Panel 

Forward (UL) Propellant Tank Support S t m t u r e  Shear Panel 

Forward (ul) Propellent Tank Support Structure Shew Panel 

Forward (+Z) Propellant Tank Support Struoture 8- Psnol 

Forward (ut) Propellant Tank Support Structure Sheq Panel 

Forward (+Z) Propellant Tank Support Structure Shear Panel 

Us/B 

b a d  Lbr/h 

had  Lbs/Xn 

Load US/b 

Load Ikr/zl 

Load Jd30/Ia 

I 

Load 

I .  

A 
4.17 

4.17 
4.16 
4.16 
4.17 
4.17 
4.18 
4.18 
4.18 
4.18 
4,18 
4.18 
4.18 
4.18 
4.18 
4,18 
4.18 
4.18 
4.18 
4.18 
4.16 
4.16 
4.16 
4,16 
4.16 
4.16 
4.16 

.16 
16 

4.16 
4.16 

.16 

4.17 

4.17 

4.17 

4.17 

4.17 

4.17 

4.17 

4- 43 

d 



02-118322-1 

Load 
ssmbol 
Dsim 

DSI 71 

Dsln 
- m73 

MI74 

m 7 5  
DS176 
DS177 
08178 
DSI 79 
DSl80 
DSl 81 
08182 
E183 
DSI 84 
DS185 
DSl86 
DSl87 
DSl88 
DSl89 
DS190 
DS191 
DS192 
DS193 
DS194 
DS195 
DSl% 
DS197 
DSl98 
DSl99 
DS2W 
DS201 
Ds202 
E203 

D S W  
DS206 
DS207 

DS208 

TABLE 4.3 LM-10 INTERNAL LOAD SYMBOLS (CONTINUED) 
- -. - 

I n t d  bad I)eSOX'%DthIl 

Forward (4%) Propellant Tank support Structure shear Pand 

Forward (+Z) Propellant Tank Support S k w t u r e  Shear Panel 

Forward (+Z) Propellant Tank Support Structure Shear Panel 

Forward (+Z) Propellant Tank Support Strwture Shear Panel 

Forward (+Z) Propellant Tank Support Strmture 8hear P a m 1  

bad  

Load 

Load 

b a d  

Load 

\ I .  

Forward +Z) Left Side Panel Shear Load 
Side Panel Shear Load 

Forward (+Z) Left (-Y) Side Panel Shear Load 
Forward (+Z) Left (-Y) Side Panel Shear Load 

Side Panel Upper Cap Load 
Side Panel Upper Cap Load 

Forward (+Z) Left (-Y) SMe Panel Upper Cap Load 
+Z) Left (-Y) Side Panel Upper Cup Load 
+Z) Right (4) Side Panel Shear Load 

Forward (+Z) R;Lght (e) Side Panel .Shear, Load 
Side Panel Shear Load 
Side Panel,Shear Load 

Forward (+Z) Right (e) Side Panel Upper Cap Load 
Side Panel Upper Cap Load 
Side Panel Upper Cap Load 
Side Panel Upper Cap Load 

Interstage Structure Axial baU 
Interstage Strmcture Axirl Load 

Forward (e) Left (-Y) Interstage 'Structure Axial Load 
Interstage Structure Axial Loml 
Interstage Structure Axial Load 

Forward (+Z) Right ( U f )  Interatage Structure A x i a l  Loload 
Forward (e) Left (-Y) Interstage Structure Axial Lead 
Forward (e) @ht (+Y) Interstage Struotum Axl.l h a d  
Quadrant N Lower Diagonal Strap Mal Load 
Quadrant I bwer Diagonal Strap Axial Load 
Forward (e) Outrigger Bulkhead Web Shear Load 
Forward (+Z) Outrigger Bulkhead Web Shear Load 

Forward (%) Outrigger Bulkhead Web Shear Load 
Forward (+Z) Outrigger Bulkhead Web Shear Load 
Forward (+Z) Outrigger Bulkhead Left (-Y) Side Lower Cap 

Forward (+Z) Outrigger Bulkhead Left (-Y) Side Lower Cap 

Forward I +Z) Left 

Forward (+Z) Right 
Forward (+Z> Right 

~ 

Outrigger Bulkhead Web Shear Load 
Outrigger Bulkhead Web Shear Load 

Load 

Load 

! M A  

L b d b  

Lbs/In 

Ibs/In 

Lbr/IP 

Lbr/O 
IbJh 

Lbr/h 
Lbbs/Ik 

Lb8/b 

Lbr 
Lbr 
Lbr 
Lbr 

Lbr/b 
LbJh 
Ibbr/& 
Lbs/lh 
Lbr 
Lbr 
Lbs 
Lbr 
Lbr 
Lbr 
Lbs 
Lbr 
Lbr 
Lbr 
Lbrr 
Lbe 
Lbr 
Lb8 

Lbr/In 
Ur/b 
Ur/b 
Iks/Ia 
Lbr/& 
Lbr/rn 

Lbr 

Lb8 

p. 

4.17 

4.17 

4.17 

4.17 

4.17 
4.19 
4,19 
4.19 
4.19 
4.16 
4.16 
4.16 
4.16 
4.19 
4.19 
4.19 
4.19 
4.16 
4.16 ' 

4.16 
4,16 
4.16 
4.16 
4.16 
4.16 
4.16 
4.16 
4,16 
16 

4.17 
4.17 
4.19 
4.19 
4.19 
4,19 
4.19 
4.19 

4.17 

4.17 
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TABLE 4.3 LM-10 INTERNAL LOAD SYMBOLS (CONTINUED) -___- - 

Iaad piguta 

DS2@ Forward (+Z) Outrigger Left (-Y) Side Upper Tube Axial bad Lbs 4.16 
05210 Forward (4%) Outrigger Right (+Y) Side Upper Tube Axial bad Lbs 4.16 

De12 Forward (4-2) Outrigger Right (+Y) Side Lower Tube Axid bad Lbr 4.27 

&&e& r n t d  had DescriDtion No 

DS211 Forward (+Z) Outrigger Left (-Y) Side Inwer Tube Axhl bad U s  4.11 
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